
»«nJCICCft 

*V» 1   s f I 
E -P1   S E R V i C .t S   t ll C H H » € A J.   1 .» F # R .M AT I Ö Öfi.HCY 

*-*w--£;- If..' /ft.,. 3 :ü; 11 

|SML When Government or other drawings, speGilie^tions or 
. i* data are used for any purpose other than in connection with 

a definitely related Government p* oeurement operation, |he; tf.,S. 
Government thereby incurs: no responsibiHty, nor any öMigätion 
whatsoever; and the fact tha;t the Government, may have formulated* 

|   furnished, or in any- wav^^suooitAJl^sald^dra^mgaj, sp^eilicätions 
"    Or other 'data WnolfMbe. reeardc^d bv imolication or otherwise as is not to#eregarded by i 

in änj 'Mä^e^^cgl^lg;,' IK holder >r. atiy -otter person or corpora^ 
iipxi^ o^;'e^|^plg"S^%^s^Ä p^jrmission to manufaqture;, use or 

'-^e-XJt Äl^iK. ^Jö^^3ft^äCli^0ÄQ@Ä'':Ö^tljtea:är in any way be; .related thereto^ 
V-:. 



r- 

!,-• 

1      m 

asaci* .'.-._' *-*., 

i 

AT* 1»S 407 fCopies öbtälasBle from ÄSTIA-DSC» '•* [: I   | 
C /••      • V •• 

Uwver'Ity of TSexa.*., Elacaital Engineering Research Lab., Ausdfl ä J. I" 
{R&öotsNö   60) ' •-:• --.     -!•' / 

{.! 
fR&po«NO   60) 

Preüm/Jiaö Stöoy wf tac Rg'tecaoa glAntemäfeiPfiädip Waves fioin 
Eaitlv s>mcKsmGiöiöjtf      .. .   . •.  ." :  ^~„ :   _.-.'-..    ~"    ."-..._ 

1'] 
StraitoB, -Ä.W-: LaGr-öP.e, A.H.;  *o3bexi C. W. and Ot&e*  "        •      "•      '  -'        - I ,; 

29 F eb'&S   i3gp,   photos,, graphs . | 

0SN C6&tt. $o. Noru 37Sf01J        -."   .       ; ' 

Wave«, iMeettco&gaeüe T.'RpflecUon . Ph3Sfe*«62) 
Waves, Mmtrnefer Ridlatitoa (5) 

> - .0NCLASStFIEp 

4   : 
*   -" 

-/•;- 



ZmmCMi Ä«a ÄßEARGH MBO^ATÖRY 

.   WR. mfe^Ä*TY -ßp. <nw.4Ä 

38 

Report $Oj 60 29- February 1952 

BRElMt-HAKS STUDY OF *HB^R^LECTiON OF MLLEÖiETER 
müm WAVES FROM FASIZ SMOOTH GROUND, 

% 

Ä» W« Straitön 
Ä% tf*. täGröna 
C, W«, ,'Ää 
O. $. Williams 

*» 

 ^.:.. j 

Fr.äp&rsä uafter Office .jsf "Naval Research. Contract, :Menr 3#SXöÖ 

-ei 



t-.' 

lit* 

i\r. 

VI. 

711» 

AÖSfRÄCT 

ÄSODÜCil'IÖN 

FACTORS AFBJGTING £H£ 3fK«üH §F 

•iMpHc©' OF 3dSASgEiMEN£ 

SfSNALS 

PÄT-H GHARÄCTStSStlCS 

AM*» 'CHfiRÄGTSlISTleS 

ORIGINAL ßATA 

CQMIISQN -0F RSFLÄIöN- Äg|g§|ENl 

CONCLUSIONS 

Dr.». 

_ i 

i 
ö 

4 

4 

.4 

IÖ: 

10 

FIGURES, 

1*    General, Photograph of Path Showing, feajisÄtting Tover in Foreground 
•and- ;RfGßxl^ng/tiQwer in1Bä^k-gr©u.ad, '•-'—--.- 

2.    Br.ofiÜe änd fiet.äÜ ät Center of Path 

3v   Photograph ö'f Ground iGpüerage Showing transmitting. TbweyL vtth t-.ftanrt. 

4-o    Afitenljax.Pätt^ns in Vertical Plane, 

5. Photograph'. of.' antennas- Used - 

6, Samples o^-Örig-iilal. ©ata, 

7.   Reflection gogfitl^lent Cursea for Horizontal Polarization 

&,    Smoothed Refle^tiph Goöfficient Curves for Horizontal Polarization 

%    Smoothed Riefleitioh. Coefficient Gurtes for Uertical Polarization 

ii- 

% 

7 

--- £ 

"? 

11 



• , " -{Si 

ABSTRACT       . 

A numhei* of measurements, of the reflection cöefficiest have 'been reported 
for a particular wave* length ätid ä particular set of condttionsA*.- ^C/ompara«-. 
tiväly little' data; are available on th^refleotiGh charactiristics' of milli-^ 
meter radio waves or of the variation of the reflection coefficient with -wave 
length, - - - -.- -. \1' 

This paper describes reflection studies made at wave lengths of 2&..%.%Öy 
3,2: and 0.^06 centimeters on ä relatively smooth field- at the- Of f Campus; B'e* 
search Center of The university öf Texas"." It is planned that these same mea- 
surements be made in the near future, over a -smooth water s.urfae.sv     

For the_particular path, used.,, the ground, appeared1 smooth at 26,5 and 9v© 
centimeters:, but evidenced considerable roughness at 3.2 centimeters and. ap- 
peltrM very rough at Sv^milld^eters^ ."-"-- .'••--••••'•"    --."'---'•/" 

I.    INTRODÜ.eTiQN 

Tht pectrical Eng-inescifig Research Laboratory of The University..of 1 Texas 
has recently und^rt^cen studies ,of the- propagation of millimeter radio waves 
fdr the office of NavaljSÄS.earoh. Äs the firpt part. of the; -measurement pro-* 

:gram under this contract tM Reflection charactsristios. of various surf ac.es 
are. "being, studied«, -•-" " '   Vc -_--;;.-;.;   .    - - _ .:   :. j.  -.   -_' •.- .:- --;'/.-'_[-___ : -'- ---'_. 

This report describes measurements made over a iÖÖÖ foot path adjacent 
to the: laboratory building« It is planned to use these= saae techniques- for 
a path of similar length over an. inland lake and for an bvsrwater path along 
the Gu&f-Coast# 

 Although the primary object of these measurements is to determine the 
reflection characteristic of millimeter radio wave, the measurements at lower 
frequencies provided an opportunity to study variations of the reflection. feo.ef= 
ficient with frequency«. _-.     -.-:=.-.--:--.:-—----:-'    ::;-.-'-.   - 

1.    For Example, See.. Kerr, D,, »Propagation -of J3h©rt Radio. Waves,- Volume- -l-> 
Massachusetts. Institute of Technology Radiation Laboratory Series, McGraw-HilU. 
^oE_jnffia*fl«Ta*-.«Ä'p&r.ancias.- see pages 418-437. -•• -or-. •j*V**"*****-"*'V'T*L•*'      itj»*"^ 



4:1..   FACTORS J®P|ÖS3N0 TKä SOESNG^H 0? R3PL30TS) 5IGNA&S- 

" The following interdependent f actors are. significant in determining the 
strength of radio signalsreflectedfrom the' ground': " '  " .'   "".."*-    " 

The angle-öf^ihöidewe on the ground 

The frequency 

The polarization 

Thergroiirid #oughh#ss and: dieiaot^c.^ro 

.The antenna- ^naraisFeirifties- - £ -- - •"'" 

• '.-. *._!& 

------ - -- -e.v 

_.;z:: :;.;•.--;" ti: 

T-he fi£rst t'lfee- of' these factors are.taken,".«» variables in the measure- 
ment'-d'escrifcsd in +-M" 

ies. 

The, ground roughness, was. not a variable. $» only a single path- was used 
for the tests of this report. The roughness of the path will ha varied, how- 
ever, by repeating, the tests over-other paths,, 

It is obvious that an antenna colad be used with a radiation patternTharrow 
enough to materially reduce the. ij&uäihätioh on the reflecting plane... .This. 
wouM.i^an-,röf öpürsö.,, that a correction, would have to be applied to "the ap- 
parent reflection coefficient in order to. get a number which could fee .called 
the reflection coefficient of the path. Such a correction would- be daffiöüit 
•to. make without first making a number of simplifying, assumpt|ona,e To avoid 
this-d^fficulty, the ahtenhäs'us.ed- in. faking: theäe Äeasurements were-chosen 
jmchthat approximately even illumination ms obtained over a, number of-Ereaiel, 
Zo.ne.s; .of "uhe^iJefi-eGtingsurfaCfs.   -    -—- "= ' - -- - - -- - ' - - - - - -—-^=—------  

co Ä"l^h length of 1^ 000 feet was .chosen sa that, grazing angles up to 
5 =could -be obtained with- the- towers available and go that t'he effect of Wave 
-curvature would be-^mali-..;—:r .: _    •..-- -"-.--: :...:::.- -=.-.-—"'_' -. - ~ - - - _-;'•-.        — 

-Jn. 

 i r 
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The method-used for obtaining, the-reflection coefficient was that of rä$- 
suring height-gain curves as both the transmitter- and receiver were, raised 
simu3:täneöüsly- -fco heights of 5© feet... The, simultaneous and synchronous.- move^- 
•ment'5 of-the transmitted and, receiver were- -chosen in order "to" keep -the- center 
of- reflection, at the same point. -:---'-- 

From these data, -curves were drawn through the maxima and minima of the 
interference patterns.- The- reflection e oefficient at a .given height, was taken 
as the quotient of the difference and the snm of the maxima and miniina curves 
at. that -height:. The %ranämiitter and receiv.er were leapt, at the; same. .level on 
the height rynss by means of *~&ridg!B "circuit in. which the..resistances. MBSB%- 
controlled by the- elevator heights,.' A picture of the transmission .path with 
the transmitting, tower in the foreground and the, receiving tower in- the backr-, 
ground is fhowh in^F-igü^e-1«, -_-..-_,.-   ..-_-_•.- 
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The general profile of t;he path is sfiowft in. Figure 2£a) and a. .mor.e. de- 
t-ä*4Led profile of the center 10 feet Is shown in Figure 2Nv "lt. Is noticed 
that the path could b& represented approximateuy throughout most of its length 
&y a ä-ingle plane with the- intersection öf the- jäane and towers being taken 
as zero heafntä T:he antennas were pointed parallel tö this- .plane and the 
ahgles-of^InQldänce were-computed relative to it.,, 

The general -goouTid coverage is- shown, m Figure 3»    Some. sho,rtr deadj grass 
stalks were standing and a sparse matting of ;gras.s ?ta|ks was. on. the. .ground. 

V..    ÄNTÄÄ ^IAM(35ISRf SälGSr 

The antennas- used in. the measuregsht» were- as ioSöWs.': 

Wave Length. 
Polarization 

'Bor-tzontaL 

Angle-Between: 

Half power. Points Antenna Time 

40"; Parabolic Eef lector 1 2L5 ""-'"    -   14,4Ö    "  

26:.5 Vartlt&i aUQö 
40» Parabolic Reflector 

9.0 Horizontal. i3wa° IS1' Parabolic Reflector 

9*0 Vertical . i5..2^: 
18» Parabolic Reflector 

•-.:.  :        -.: 3^2. Horizontal.. •••  15.#>~ -. 4" ^4" Horn 

.'-" %W~. "."::i ..    V'fftilC&j:^ _".'." :::::.":m#I^  - : 1 ^^'rir^'^m-'-"""-""-:-,-. 

""•~ i:: ~:--"-r.-~~::iss:__'^ -. . HoriiiohtaiL. Ö" :^~- •'-'. ~ -7 £ir ^^eula^Hör^r "r 

.86 

-  • — -                           mu_  ü-^jj 

Vertical   . \7M&ß-r::-^~_ _/_.  .JLj!•. Girjcular Hös?4'-~r. _,_- . 

The radiation patterns for these antenfiäs.are shown in figure,^..   A picture 
of th$ antennas is shown in Figure &.    Identical antennas, were used at the two 

-ends- for-sach^jneaaurej ~ ' 

A number of pthör antennas with narrower beams were also tested, but tJasse. 
tests contributed mt£e additional'information to that found with the antennas 
iiäted äboveo    .. „  . .-..;.". ;_".:..       ".        .._'.,":    •_.-..  •_.'.       /  <-.'_:._."       "-..'_' '-~rr. 

<-:" 

VI.. -ORIOlM^nATA 

"•/.'"-.'f\ Y^P*
0
 «f ^h> o^iglual data for" each rrequency is's^pv«! in. Figured*, 

wo dlifacuity was: sxperlettced in plottiag the grHfalspa o.f t-hg jnaxima and lain« 
im Signale for the; 2'6;.,:5-xmvwäye: length,. 4bme ÄficüI^'wasT experienced in 
obtaining the calibration of mi^ix/fam; s1-gnal, due to the s&U&jre law dectQ^used 

-ii 
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RECEIVER    HEIGHT   ÄOOVE>GROUND — FEET 
30 .      2.5 :     20- 45 40 '.. 35 30 .      25 :     20- - 55 •       10 ? 
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öti 10 cm. This- difficulty was circumvented, however.,, by calculating a direct 
Wave signal, from the Mghor angle values and _aj.öujäing thai this v|4u§. Was Jkhe 
saw AT; the IpM angle" values^ 

The envelope of maxima and minima became somewhat irregular for the 30.2- 
centimeter measurements and was very irregular for the 8.6 millimeter measure-- 
mep,ts<e The reflection coefficient was calculated from the envelope in each 
case, giving the irregular curves shown in Figure '7v A smooth: curve, was drawn 
through each of these curves and was. used for the. comparisons, of the jsext see* 

VII.    GOMPARldQN -0F ftHFL§OT)N dOMlC»!- CURVES- 

A- set of reflection Coefficient curye.a using the. antennas- described in. 
paragraph V and r^dUating, a horizontally f»larizad. signal are shown in. figure 
$? A- set for the same antennas with vertical polarization are shown in Figure' 
9. The reflection cöef ficient curve for ;an infinite smooth, plane with adie* 
lectfic. Constant of 4 is shown in each ease for comparison«, This curve is 
Appr#ii5ate3y the s^ftS: f s-r all frequencies -used* 

F|6m these curves, it is evident that the reflection coefficient decreases. 
appreciably as- the frequency is increased^. bÄe^mihg. Very small for X, & 8*6^ 
millimeters^    The. three lowest frequency, curves: apparently approach unity as 
the gracing angle approaches  zero.'   it is difficult to e^fcrapoiate. the " re-V 
flection. QoefficientT curves foy the 8o6 Milometer waves to zero, grazing angl§ 
äs the- reflection coefficient is-, changing rapidly in fehls^jregLQä- 

fhe reflection aoeffl^iani for vertical polarization is in general less 
than that fo^ horizontal polarization*      -.-,   - 

imM.- CÖN0iy|10NS) 

(a)...    The reflection coefficient for 8*6 millimeters fpr the field t-ösi 
did not exceed 0.A and dropped to less than 0..1 at angles of grazing above 
2VS degreese. - . .  ' - ~.._      -"  - V 

(b^,    %h& reflection coefficient increased with wave length and approached; 
IHe; theoretical curve at & wave length of 26*5 cm.. 

'(a):.,    The- envelopes of maxima and minima of the heightr-.gain curves and 
"the resulting reflection coefficient curves were Very regular fpr 26fc§ and %Q 
cm Wave lengths^ but became somewhat irregular at 3,e2 cm and Were very irregli-, 
\ar at 8*6. mlilimetera.    Thus it. would appear,,, for th#< bath used,7that: th> 
surface Was srnoofch.at- 26.5  cm and rough at• '8>'6 millimeters,. 

i- 
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